PATENT ABSTRACTS OF JAPAN 

■ ■ 1 • ■ ■ ' 

(11 publication number ; 10-010538 
(43)Date of publication of application : 16.01.1998 



(51)Int.CI. 




602F 1/1337 








G02F 1/1337 




(21 Application number 


08-163944 


(71)Applicant : 


MATSUSHITA ELECTRIC IND CO LTD 


(22)Date of filing : 


25.06.1996 


(72)Inventor : 


IWAI YOSHIO 



(54) LIQUID CRYSTAL DISPLAY ELEMENT ANR ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain- a liquid crystal display element 
which is low in reflection, high in opening rate and high in contrast by 
solving the display defect by reverse tilt domains and non-orientation. 
SOLUTION: This liquid crystal display element has an array substrate 101 
arranged with pixel electrodes 106, wiring electrodes consisting of source 

lines 104 and gate lines 103 and TFT elements 101 in a. matrix form and a ^^ ^ p^)^^- 
counter substrate 1 08 having counter electrodes 1 09 and is held with 
liquid crystals 113 between the array substrate 101 and the counter 
substrate 108. The liquid crystals 113 are: twisted nematic oriented 
between the main surface of the pixel electrodes 1 06 and the main 
surface of the counter electrodes 109. The pretilt angle on the main 
surface of the counter electrode 109 is set higher than the pretilt angle 
on the main surface of the counter electrodes 109. The main surface of 
the pixel electrodes 106 are rubbed in the two directions reverse from 
each other: 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While having the array substrate with which the pixel electrode, the wiring electrode which consists of a 
source line and a gate line, and the switching element have been arranged in the shape of a matrix It is the liquid 
crystal display component which has the opposite substrate equipped with the counterelectrode, and pinched 
liquid crystal between these array substrate and the opposite substrate. The liquid crystal display component to 
which liquid crystal carries out Twisted Nematic orientation, and the pre tilt angle on said counterelectrode 
principal plane is characterized by being set up more highly than the pre tilt angle on said pixel electrode principal 
plane between said said pixel electrode principal plane and counterelectrode principal plane tops. 
[Claim 2] It is the liquid crystal display component according to claim 1 which the pre tilt angle of the liquid 
crystal on a counterelectrode principal plane is 5 degrees or more, and is characterized by the pre tilt angle of the 
liquid crystal on a pixel electrode principal plane being 2 degrees or less. 

[Claim 3] The liquid crystal display component according to claim 1 or 2 characterized by being constituted so 
that the surface energy of the orientation film formed on the pixel electrode principal plane may become larger 
than the surface energy of the orientation film formed on the counterelectrode principal plane. 
[Claim 4] The liquid crystal display component according to claim 3 to which surface energy of the orientation film 
formed on the pixel electrode principal plane is characterized by 40 or more dyne/cm being 60 or less dyne/cm. 
[Claim 5] The liquid crystal display component according to claim 3 or 4 characterized by the side-chain length of 
the macromolecule formed on said pixel electrode principal pfene by the orientation film formed on the pixel 
electrode principal plane and the counterelectrode principal plane, respectively consisting of a macromolecule of a 
side-chain mold being smaller than the side-chain length of the macromolecule formed on said counterelectrode 
principal plane. 

[Claim 6] A liquid crystal display component given [to claims 1-5 characterized by forming the protection-from- 
light layer which consists of a thermally stable polymer in wiring electrode / which consists of a source line and a 
gate line /, switching element, and front-faces / some / side of a pixel electrode ] in any 1 term. 
[Claim 7] A liquid crystal display component given [to claims 1-6 characterized by giving. 2 times of rubbing.from 
which a direction becomes reverse mutually to the orientation film formed on the pixel electrode principal plane ] 
in any 1 term. 

[Claim 8] While having the array substrate with which the pixel electrode, the wiring electrode which consists of a 
source line and a gate line, and the switching element have been arranged in the shape of a matrix The process 
which is an approach for manufacturing the liquid crystal display component which has the opposite substrate 
equipped with the counterelectrode, and pinched liquid crystal between these array substrate and the opposite 
substrate, and forms the orientation film on said pixel electrode principal plane and said counterelectrode principal 
plane at least, Fixed time amount exposure of the orientation film formed on said pixel electrode principal plane is 
carried out into an oxygen plasma ambient atmosphere. The process which performs surface treatment so that it 
may become larger than the surface energy of the orientation film in which the surface energy of the orientation 
film formed on this pixel electrode principal plane was formed on the counterelectrode principal plane, The 
manufacture approach of the liquid crystal display component characterized by having the process which carries 
out rubbing of the orientation film formed on said pixel electrode principal plane and the counterelectrode 
principal plane after that. 

[Claim 9] While having the array substrate with which the pixel electrode, the wiring electrode which consists of a 
source line and a gate line, and the switching element have been arranged in the shape of a matrix The process 
which is an approach for manufacturing the liquid crystal display component which has the opposite substrate 
equipped with the counterelectrode, and pinched liquid crystal between these array substrate and the opposite 
substrate, and forms the orientation film on said pixel electrode principal plane and said counterelectrode principal 
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plane at. least By the process which carries out rubbing of the orientation film formed on said pixel electrode 
* principal plane and the counterelectrode principal plane, and carrying out fixed time amount immersion of the 
orientation film with which said rubbing was given into a polar solvent The manufacture approach of the liquid 
crystal display component characterized by having the process reduced rather than the pre tilt angle of the 
orientation film in which the pre tilt angle of the orientation film formed on this pixel electrode principal plane was 
formed on the counterelectrode principal plane. 

[Claim 10] While having the array substrate with which the pixel electrode, the wiring electrode which consists of 
a source line and a gate line, and the switching element have been arranged in the shape of a matrix The process 
which is an approach for manufacturing the liquid crystal display component which has the opposite substrate 
equipped with the counterelectrode, and pinched liquid crystal between these array substrate and the opposite 
substrate, and forms the orientation film on said pixel electrode principal plane and said counterelectrode principal 
plane at least By carrying out a fixed time amount exposure, ultraviolet rays on the orientation film formed on 
said pixel electrode principal plane The process made larger than the surface energy of the orientation film in 
which the surface energy of the orientation film formed on this pixel electrode principal plane was formed on the 
counterelectrode principal plane, The manufacture approach of the liquid crystal display component characterized 
by having the process which carries out rubbing of the orientation film formed on said pixel electrode principal 
plane and the counterelectrode principal plane after that. 

[Claim 11] The manufacture approach of a liquid crystal display component given [ to claims 8-10 characterized 
by performing rubbing on the orientation film formed on the pixel electrode principal plane twice, and making the 
2nd direction of rubbing then contrary to the 1st direction of rubbing ] in any 1 term. 
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DETAILED DESCRIPTION 



[Detailed. Description of the Invention] _ ... . - - >• 

[0001] 

[Field of the Invention] This invention relates to the liquid crystal display component using the electro-optics 

property of liquid crystal, and its manufacture approach. 

[0002] 

[Description of the Prior Art] As for the liquid crystal display using the electro-optics property of liquid crystal, 
application to OA equipment is briskly advanced by big^screen-izing and large capacity-ization. current — general 

— putting in practical use — having — **** — a liquid crystal display — a mode of operation ****** two 

— a sheet — a glass substrate — between — liquid crystal — a molecule — 90 — degree — being distorted 
orientation — a condition — presenting — Twisted Nematic — ( — TN — ) — a mold — 180 — degree - 270 
degree — being distorted — orientation — a condition — presenting — super twisted nematic (STN) — a mold - 

— it is . TN mold is used for an active-matrix mold liquid crystal display, and the STN mold is mainly used for the 
simple matrix type liquid crystal display. 

[0003] Especially, the use application of an active-matrix mold liquid crystal display is expanded by leaps and 
bounds, and the request to wide-field-of-view cornification, a raise in brightness, the reduction in reflection, 
highly-minute-izing, and full-color—izing is increasing in connection with it in recent years. As a technique of 
realizing raise in brightness, and low reflection-ization, to such a request black matrix TFT array technique ON 
(for example, dirty Yamanaka — ) Tea FUKUNAGA, tea KOSEKI, cay NAGAYAMA, tea UEKI: S eye dee '92 Digest, 
789 pages -792 pages, 1992; H.Yamanaka, T.Fukunaga, T.Koseki, K.Nagayama, T.Ueki: SID'92 Digest, pp 789-792 
(1992), and Nozaki, Asakura, Nikkei Business Publications Co. ** "flat-panel display 1994" PP50-December, 1993 
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[ 63 or ].etc. is put in practical use. Black matrix ON A TFT array technique (it is called below a BM ON array) 
* & forms the jDrotection-frorrHight layer which consists of direct black resin on the active component on an array 
substrate, a source line, and a gate line. 

[0004] As compared with the technique which forms a black matrix (it calls Following BM) layer on the 
conventional color filter substrate (it is called CF substrate below), it is BM, ON With an array technique, since 
BM is formed on the direct array substrate, the lamination margin of the array substrate at the time of a panel 
erection and CF substrate becomes unnecessary, and it becomes possible to narrow width of face of BM. The 
numerical aperture of the pixel polar zone can be raised by thinning of this BM width of face, and it becomes 
possible to attain high brightness-ization compared with the conventional technique. Furthermore, BM ON With an 
array technique, since the pigment-content powder type black resist is used as the ingredient of BM layer, a 
reflection factor can be low, can suppress surface reflection sharply compared with the conventional BM using a 
metallic material, and can raise display grace. 
[0005] 

[Problem(s) to be Solved by the Invention] The sectional view of the conventional liquid crystal display 
component is shown in drawing 6 .101 is the array substrate which consists of glass, and the gate line 103 as a 
wiring electrode which serves as the thin film transistor (TFT) 102 as a switching element from low resistance 
metals, such as aluminum, and the source line 104 as a wiring electrode are formed on the front face. The surface 
section of these [ TFT102 ], the gate line 103, and the source line 104 is covered in the protection-from-light 
layer 105 which consists of photosensitive black resin etc. 106 is the pixel electrode which consists of oxidization 
in JUUMU and tin (ITO), and a part of this pixel electrode 106 is covered in the protection-from-light layer 105. 
107 is an insulator layer which consists of silicon nitride. 

[0006] 108 is the opposite substrate which consists of glass, and the counterelectrode 109 which consists of ITO 
is formed in the front face of this opposite substrate 108. The orientation film 1 10 and 1 1 1 which consists of a 
thermally stable polymer is formed in the array substrate 101 and the opposite substrate 108, respectively. Liquid 
crystal 1 1 3 is formed between a substrate 101 and 108, and the polarizing plate 1 12 is formed in the front face of 
substrates 101 and 108. 

[0007] With an active-matrix mold liquid crystal display component, the level difference around 1 micrometer 
occurs between a switching element 102, the gate line 103, the source line 1.04, and the pixel electrode 106. 
Moreover, when the BM layer 105 is formed on a switching element 102, the gate line 103, and the source line 104, 
a level difference will increase further, and the level difference of several micrometers will occur between the 
pixel polar zone 106. Generating of the abnormality orientation of the liquid crystal near [ this ] the level 
difference becomes a display top problem. 

[0008] Generally industrially, orientation processing of liquid crystal is performed by the rubbing method. The 

rubbing method, is an.approach of grinding the .orientation film, which consists. of polyimide forxned.on .the substrate .. 

in the one direction with synthetic fibers, such as a rayon cloth. The principal chain of the polymer which ; 
constitutes the orientation film is extended by contact on the synthetic fiber in the case of rubbing, and the 
orientation film in an one direction, liquid crystal is restricted in the extension direction of a polymer by the 
interaction of a polymer and liquid crystal, and, for this reason, liquid crystal carries out orientation in the 
direction of rubbing with a pre tilt angle to a substrate side. 

[0009] When rubbing is performed to the substrate which has level differences, such as a switching element, a 
wiring electrode, and BM, the sense of a pre tilt angle becomes reverse before and behind a level difference. That 
is, a pre tilt angle goes up from the effect of a level difference slant face by the case where it has ground to a 
level difference, more. In the case where it grinds and lowers this and reversely to a level difference, since a level 
difference slant face becomes the reverse sense, a pre tilt angle is ground, and, in raising, it becomes hard flow, 
and fiber serves as a field (hon-rubbing field) which does not contact the orientation film. 

[0010] The orientation condition of the liquid crystal in level difference order is explained using drawing 7 . Here, 
rubbing is performed in the direction of an arrow head 602 to a level difference 601. It grinds, and in the raising 
section 604, rubbing of the orientation film 603 is carried out by fiber 608, and orientation of the liquid crystal 605 
is carried out with a pre tilt angle. In the grinding lowering section 607, since rubbing is hard to be carried out, 
orientation is carried out along a level difference slant face. For this reason, to the substrate side 606, it grinds, 
and grinds with the raising section 604, and the pre tilt angle has become hard flow in the lowering section 607. 
For this reason, it grinds to a level difference 601 and the reverse tilt field where a pre tilt angle becomes 
completely contrary to the direction of rubbing occurs in a lowering field. 
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[001 1] Drawing & is the upper ** Fig. of the pixel part of the liquid crystal of the conventional configuration. 
Among drawing, when rubbing is carried out in the direction of 131, fields 124 and 125 are fields which are 
equivalent to the rubbing grinding lowering section, and become non-rubbing. For this reason, liquid crystal is 
strongly influenced of the cross-section configuration of the level difference section, and in this level difference 
section, while orientation is changed into the condition of differing in the pixel field 127 and a pre tilt angle 
becomes reverse, orientation bearings differ. The pre tilt angle in the substrate side where the pre tilt angle 
discovered in the level difference section counters, an EQC, or in being large, it becomes the reverse tilt domain 
where, as for the direction of normal, liquid crystal starts to hard flow at the time of image display, and a 
defective line (disclination line) occurs between the fields (normal tilt field) which have a pre tilt angle in the 
direction of rubbing. Near a wiring electrode, since longitudinal direction electric field occur in a pixel electrode 
and wiring inter-electrode and the liquid crystal of the section near the level difference is influenced of horizontal 
electric field, it especially becomes [ much more ] easy to generate a reverse tilt domain. 
[0012] Thus, when a reverse tilt domain occurs, problems, such as a contrast fall by an after-image etc., will 
occur, and display grace will deteriorate remarkably. Moreover, since a non-rubbing field exists, the optical 
leakage accompanying gap of orientation bearing of the liquid crystal in this field will occur, problems, such as a 
contrast fall, will occur similarly, and display grace will deteriorate. 

[0013] This invention solves the above-mentioned problem and aims at controlling the reverse tilt domain 
generated with level differences, such as a switching element, a wiring electrode, and a protection-from-light 
layer. Moreover, this invention aims also at reducing the poor orientation near the level difference. 
[0014] 

[Means for Solving the Problem] in order to attain this purpose, the pre tilt angle on a counterelectrode principal 
plane is higher than the pre tilt angle on a pixel electrode principal plane, and this invention is set up. According to 
such a configuration, the direction of a tilt of the liquid crystal in a reverse pre tilt field serves as it on a pixel 
electrode principal plane, and the same direction, and can control a reverse tilt domain by electrical-potential- 
difference impression. 

[0015] According to this invention, it can constitute as 2 times of rubbing from which a direction becomes reverse 
mutually is given to the orientation film formed on the pixel electrode principal plane. According to such a 
configuration, the non-rubbing field in a level difference periphery can be lost, and, for this reason, the optical 
leakage accompanied by poor orientation can also be controlled. 

[0016] Therefore, according to this invention, the high liquid crystal display component of grace is obtained. 
[0017] 

[Embodiment of the Invention] While invention indicated to claim 1 has the array substrate with which the pixel 
electrode, the wiring electrode which consists of a source line and a gate line, and the switching element have 
been arranged in the shape of a matrix It is -the liquid . crystal display^component. which Jias-the. opposite .substrate 
equipped with the counterelectrode, and pinched liquid cry star between these array substrate and the opposite 
substrate. Between said said pixel electrode principal plane and counterelectrode principal plane tops, liquid 
crystal carries out Twisted Nematic orientation, and the pre tilt angle on said counterelectrode principal plane is 
set up more highly than the pre tilt angle on said pixel electrode principal plane. According to this, the direction of 
a tilt of the liquid crystal in a reverse pre tilt field serves as it on a pixel electrode principal plane, and the same 
direction as mentioned above, and a reverse tilt domain cap be controlled by electrical-potential-difference 
impression. 

[0018] The pre tilt angle of the liquid crystal on a counterelectrode principal plane of invention indicated to claim 
2 is 5 degrees or more, and it is made for the pre tilt angle of the liquid crystal on a pixel electrode principal plane 
to be 2 degrees or less. That is, it has the operation which controls a reverse tilt domain effectively by making a 
pre tilt angle into the above-mentioned range. 

[0019] It is made for invention indicated to claim 3 to become larger than the surface energy of the orientation 
film with which the surface energy of the orientation film formed on the pixel electrode principal plane was formed . 
on the counterelectrode principal plane. According to this, since the pre tilt angle on a counterelectrode principal 
plane will be set up similarly more highly than the pre tilt angle on a pixel electrode principal plane, a reverse tilt 
domain can be controlled. 

[0020] It is made for the surface energy of the orientation film with which invention indicated to claim 4 was 
formed on the pixel electrode principal plane to be 40 or more dyne/cm 60 or less dyne/cm. According to this, it 
has the operation which controls a reverse tilt domain effectively by setting the surface energy of the orientation 
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film as the above-mentioned range. 

[0021] Invention indicated to claim 5 has the side-chain length of the rnacromolecule formed on said pixel 
electrode principal plane by the orientation film formed on the pixel electrode principal plane and the 
counterelectrode principal plane, respectively consisting of a rnacromolecule of a side-chain mold smaller than the 
side-chain length of the rnacromolecule formed on said counterelectrode principal plane. The surface energy of 
the orientation film formed on the pixel electrode principal plane becomes larger than the surface energy of the 
orientation film formed on the counterelectrode principal plane, and a reverse tilt domain is controlled by this. 
[0022] Invention indicated to claim 6 forms the protection-from-light layer which is from a thermally stable 
polymer on wiring electrode [ which consists of a source line and a gate line ] t switching element, and front-faces 
[ some ] side of a pixel electrode. By this configuration, improvement in the engine performance of a liquid crystal 
display component can be aimed at. . 

[0023] 2 times of rubbing which becomes reverse [ a direction ] mutually is made to be given to the orientation 
film with which invention indicated to claim 7 was formed on the pixel electrode principal plane. According to this, 
the non-rubbing field in a level difference periphery can be lost, and, for this reason, the optical leakage 
accompanied by poor orientation can be controlled. 

[0024] While invention indicated to claim 8 has the array substrate with which the pixel electrode, the wiring 
electrode which consists of a source line and a gate line, and the switching element have been arranged in the 
shape of a matrix The process which is an approach for manufacturing the liquid crystal display component which 
has the opposite substrate equipped with the counterelectrode, and pinched liquid crystal between these array 
substrate and the opposite substrate, and forms the orientation film on said pixel electrode principal plane and 
said counterelectrode principal plane at least, Fixed time amount exposure of the orientation film formed on said 
pixel electrode principal plane is carried out into an oxygen plasma ambient atmosphere. The process which 
performs surface treatment so that it may become larger than the surface energy of the orientation film in which 
the surface energy of the orientation film formed on this pixel electrode principal plane was formed on the 
counterelectrode principal plane, It has the process which carries out rubbing of the orientation film formed on 
said pixel electrode principal plane and the counterelectrode principal plane after that. If it carries out like this, 
the liquid crystal display component which controls a reverse tilt domain can be manufactured easily. 
[0025] While invention indicated to claim 9 has the array substrate with which the pixel electrode, the wiring 
electrode which consists of a source line and a gate line, and the switching element have been arranged in the 
shape of a matrix The process which is an approach for manufacturing the liquid crystal display component which 
has the opposite substrate equipped with the counterelectrode, and pinched liquid crystal between these array 
substrate and the opposite substrate, and forms the orientation film on said pixel electrode principal plane and 
said counterelectrode principal plane at least, By the process which carries out rubbing of the orientation film 
formed on said pixel, electrode principal plane and the counterelectrode principal plane,, and. carryin&>out fixed. time 
amount immersion of the orientation film with which said rubbing was given into a polar solvent It has the process 
reduced rather than the pre tilt angle of the orientation film in which the pre tilt angle of the orientation film 
formed on this pixel electrode principal plane was formed on the counterelectrode principal plane. Even if such, 
the liquid crystal display component which controls a reverse tilt domain similarly can be manufactured easily. 
[0026] While invention indicated to claim 10 has the array substrate with which the pixel electrode, the wiring 
electrode which consists of a source line and a gate line, and the switching element have been arranged in the 
shape of a matrix The process which is an approach for manufacturing the liquid crystal display component which 
has the opposite substrate equipped with the counterelectrode, and pinched liquid crystal between these array 
substrate and the opposite substrate, and forms the orientation film on said pixel electrode principal plane and 
said counterelectrode principal plane at least, By carrying out a fixed time amount exposure, ultraviolet rays on 
the orientation film formed on said pixel electrode principal plane It has the process made larger than the surface 
energy of the orientation film in which the surface energy of the orientation film formed on this pixel electrode 
principal plane was formed on the counterelectrode principal plane, and the process which carries out rubbing of 
the orientation film which formed on said pixel electrode principal plane and the counterelectrode principal plane 
after that. Even if such, the liquid crystal display component which controls a reverse tilt domain similarly can be 
manufactured easily. 

[0027] Invention indicated to claim 1 1 is thing ****** which performs rubbing on the orientation film formed on 
the pixel electrode principal plane twice, and makes the 2nd direction of rubbing then contrary to the 1st direction 
of rubbing. If it carries out like this, the liquid crystal display component which lost the non-rubbing field in a level 
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difference periphery can be manufactured, and, for this reason, the optical leakage accompanied by poor 
orientation can be controlled. 

[0028] Hereafter, the gestalt of operation of this invention is explained. 

(Gestalt of the 1st operation) Drawing 1 is the sectional view showing the configuration of the 1st of the liquid 
crystal display component of the gestalt of operation of this invention. In this drawing 1 , the same reference 
number is given to the same member as what was shown in drawing 6 , and that detailed explanation is omitted. In 
the thing of this drawing 1 , after forming the TFT component 102, the gate line 103, the source line 104, the pixel 
electrode 106, and insulator layer 107 as a switching element which have been arranged in the shape of a matrix 
on the array substrate 101, the protection-from-light layer 105 which consists of photosensitive black resin is 
formed through an insulator layer 107 on the TFT component 102, the gate line 103, the source line 104, and the 
edge of the pixel electrode 106. As for the protection-from-light layer 105, the side face serves as the shape of a 
slant face, and a perpendicular configuration to the pixel electrode 106. Furthermore, the orientation film 110 is 
formed on the protection-from-light layer 105 and the pixel electrode 106. The orientation film 110 consists of 
macromolecule thin films, such as a polyamide and polyimide. 

[0029] On the counterelectrode 109 of the opposite substrate 108, the orientation film 1 1 1 which consists of 
macromolecules, such as polyimide, similarly is formed. The pre tilt angle of the liquid crystal in the orientation 
film 1 10 and the orientation film 1 1 1 is higher on the orientation film 1 1 1 of the opposite substrate 108. That is, 
on the orientation film 110 of the array substrate 101, it is 6 degrees or more on the orientation film 111 of about 
2 degrees and the opposite substrate 108. 

[0030] To the array substrate 101, rubbing is once carried out in the -135-degree direction to the direction 
shown by the arrow head 121 of drawing 2 , i.e., a source line longitudinal direction. 2nd rubbing is performed at 
the include angle of the direction furthermore shown by the arrow head 122, i.e., 45 degrees. And rubbing is 
carried out to the opposite substrate 108 in the direction which intersects perpendicularly with an arrow head 122. 
Liquid crystal 113 was pinched between this array substrate 101 and the opposite substrate 108, and the 
polarizing plate 1 12 is arranged on both that outside. 

[0031] According to the gestalt of this operation, rubbing of the orientation film 1 1 0 formed on the array 
substrate 101 is carried out in the -135-degree direction by rubbing of the 1st time to a source line. The fields 
123 and 126 shown in drawing 2 are fields by which grind against rubbing of the 1st time, and are equivalent to 
lowering, and rubbing is not carried out. On the other hand, fields 124 and 125 are ground, and are equivalent to 
raising, and rubbing is fully carried out. The pixel electrode principal plane 127 is suitable in the direction of 
rubbing of the 1st time at the beginning. Next, in the case of the 2nd rubbing, fields 123 and 126 are ground, grind 
fields 124 and 125 against raising, and are conversely equivalent to it at lowering. For this reason, fields 123 and 
126 turn to the 2nd direction of rubbing. Moreover, the rubbing effectiveness of the 1st time is negated and the 
- ..- pixel. electrode principal plane; 127 turns . to. the 2nd direction _of rubbing. The. direction of orientation. of Jiquid .. 

crystal is expressed with an arrow head A all over drawing. It shall mean that the pre tilt angle is discovered in the 
direction of this arrow head A. Since orientation of the fields 124 and 125 is carried out in the direction where the 
pixel electrode principal plane 127 is the opposite by the 2nd rubbing, the magnitude of a pre tilt angle of 
equivalent ** is more than ******, and the sense serves as a reverse pre tilt field which completely becomes 
reverse. 

[0032] However, by setting up more greatly than the pre tilt angle of these reverse pre tilt fields 124 and 125 the 
pre tilt angle of the orientation film 1 1 1 formed on the counterelectrode 108, the direction of a tilt of the liquid 
crystal of the cross-section center section (it is called a "mid plane" below) of the liquid crystal display 
component in these reverse pre tilt fields 124 and 125 serves as it of pixel electrode principal plane top 127, and 
the same direction, and can control a reverse tilt domain theoretically by electrical-potential-difference 
impression. Furthermore, since the non-rubbing field in a level difference periphery can be lost by giving rubbing 
of a 2-way, the optical leakage accompanied by poor orientation can also be controlled. 

[0033] If the pre tilt angle on 5 degrees or more and the array substrate 101 is made into 2 degrees or less for 
the pre tilt angle on the opposite substrate 108 at this time, generating of a reverse tilt domain can be controlled 
effectively. In addition, as for the pre tilt angle on the opposite substrate 108, it is desirable to set it as a suitable 
value according to the cross-section configuration of a level difference. 

[0034] In addition, although the gestalt of this operation explained the case where it became -135 degrees and 45 
degrees to a source line about the direction of rubbing, it is not limited to this and the direction of rubbing can be 
considered as the direction of rubbing of arbitration. 
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[0035] (Gestalt of the 2nd operation) The gestalt of operation of the 2nd of this invention is similarly explained 
* below using drawing 1 . For the gestalt of this 2nd operation, the surface energy of an orientation film front face is 
40 - 60 dyne/cm as orientation film 1 10 which consists of a thermally stable polymer in the array substrate 101. 
The macromolecule thin film in which surface energy has a value smaller than that of the orientation film 1 10 is 
used for the orientation film 1 1 1 in the opposite substrate 108 using a macromolecule thin film. As an example, 
25-degree C surface energy is about 50 dynes/cm in the orientation film 110. The side-chain mold polyimide 
which has the becoming alkyl group in a side chain is used, and 25-degree C surface energy is about 40 dyne/cm 
) in the orientation film 111. The side-chain mold polyimide film which has an alkyl group in a side chain is used. As 
for the alkyl chain length of the orientation film 1 10, nearby is shorter than the thing of the orientation film 111. 
[0036] Also with the gestalt of this operation, rubbing of the 1 st time is performed in the direction of the arrow 
head 121 of drawing 2 , and 2nd rubbing is performed in the direction of an arrow head 122. The direction of 
orientation of the liquid crystal in fields 123, 124, 125, 126, and 127 is the same as that of the gestalt of the 1st 
operation, and fields 124 and 125 turn into a reverse pre tilt field, however, the surface energy of liquid crystal — 
30 - 50 dyne/cm it is — since — the pre tilt angle of the liquid crystal in the orientation film 1 1 1 in the array 
substrate 101 becomes larger than the pre tilt angle in the orientation film 1 10 in the opposite substrate 108 due 
to the surface energy of liquid crystal and the orientation film. For this reason, the reverse pre tilt field on the 
orientation film 1 1 0 by the side of an array is influenced of the pre tilt angle of the orientation film 1 1 1 by the side 
of opposite. Thereby, the direction of a tilt in a mid plane can become the same as that of the direction of a tilt 
on a pixel electrode principal plane, and can control generating of the reverse tilt domain by electrical-potential- 
difference impression, and can also control the optical leakage by poor orientation. 

[0037] In addition, what is necessary is not to be what was restricted to this value and just to set up smaller than 
that of the orientation film 1 1 0 of an array the surface energy of the orientation film 1 1 1 by the side of opposite 
with the gestalt of this operation, although surface energy with the orientation film 1 10 and 1 1 1 was specified as 
the above-mentioned value. It is the surface energy of the orientation film 1 10 of an array especially 40 dyne/cm 
It is 60 dyne/cm above. If it is set as below, almost good effectiveness will be acquired. 

[0038] (Gestalt of the 3rd operation) Next, the gestalt of operation of the 3rd of this invention is explained with 
reference to drawing 3 . With the gestalt of this operation, as first shown in drawing 3 (a), the orientation film 110 
and 1 1 1 which consists of the same polyimide is formed on the counterelectrode 1 09 in the pixel electrode 1 06 
top in the array substrate 101, and the opposite substrate 108, and as shown in drawing 3 (b) after that, fixed 
time amount exposure of the orientation film 1 10 by the side of an array is carried out into the oxygen plasma as 
a plasma asher. In order that the front face of the orientation film 110 may oxidize by the oxygen plasma, the 
surface energy becomes large as compared with the orientation film 1 1 1 by the side of opposite. The orientation 
film from which surface energy differs from the same macromolecule by this can be formed. Next, as shown in 

- drawing 3 (c), two rubbing processings.are performed to the orientation, film. 11 Oi.Rubbingds carried out .in the— .. 

opposite direction of a predetermined direction, and rubbing of the 2nd the time [ 1st ] time is carried out in the 
predetermined direction. Rubbing of most pixel electrodes 106 which contain near the level difference by this will 
be carried out. By performing these processes at least, the liquid crystal display component which prevents 
generating of a reverse tilt domain easily, and can control the poor orientation near the level difference is 
producible. 

[0039] In addition, control of surface energy is controllable by oxygen plasma conditions. 

(Gestalt of the 4th operation) Next, the gestalt of operation of the 4th of this invention is explained with 

reference to drawing 4 . 

[0040] With the gestalt of this operation, as first shown in drawing 4 (a), the orientation film 1 10 and 1 1 1 which 
consists of the same side-chain mold polyimide is formed on the counterelectrode 109 in the pixel electrode 106 
top" in the array substrate 101, and the opposite substrate 108, and as shown in drawing 4 (b) after that, rubbing 
processing is performed to the orientation film 1 10 and 1 1 1. To the orientation film 1 10 by the side of an array, 
two rubbing processings are performed like illustration, rubbing is carried out in the opposite direction of a 
predetermined direction, and rubbing of the 2nd the time [1st] time is carried out in the predetermined direction. 
Rubbing of most pixel electrodes 1 06 which contain near the level difference by this will be carried out. Next, as 
shown in drawing 4 (c), into polar solvents, such as acetic-acid Cellosolve, gamma-butyrolactone, and N methyl 2 
pyrrolidone, fixed time amount immersion of the orientation film 110 by the side of an array is carried out, and the 
orientation film front face is etched slightly. Since the pre tilt angle of the orientation film 1 10 by the side of an 
array falls according to this process, the orientation film with which a pre tilt angle differs from an opposite side 
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from the same polyimide is producible. By performing these processes at least, the liquid crystal display 
* > component which prevents generating of a reverse tilt domain easily, and can control the optical leakage by poor 
orientation is producible. 

[0041] In addition, control of a pre tilt angle is controllable by the solvent kind and immersion conditions. 
(Gestalt of the 5th operation) Next, the gestalt of operation of the 5th of this invention is explained with 
reference to drawing 5 . 

[0042] With the gestalt of this operation, as first shown in drawing 5 (a), the orientation film 1 1 0 and 111 which 
consists of the same side-chain mold polyimide is formed on the pixel electrode 106 in the array substrate 101, 
and a counterelectrode 109, and as shown in drawing 5 (b) after that, a fixed time amount exposure of the 
ultraviolet rays which have a spectrum in 300nm - 420nm as a wavelength range is carried out on the orientation 
film 1 10 of the array substrate 101 with a high pressure mercury vapor lamp 115. Then, since the side chain (alkyl 
group) of the polyimide which forms the orientation film 1 1 0 by ultraviolet rays is disassembled, the surface 
energy becomes large as compared with the orientation film 111 by the side of opposite. By this, the orientation 
film with which surface energy differs from an opposite side from the same macrornolecule can be formed. Next, 
as shown in drawing 5 (c), two rubbing processings are performed to the orientation film 1 10 by the side of an 
array. Rubbing is carried out in the opposite direction of a predetermined direction, and rubbing of the 2nd the 
time [1st] time is carried out in the predetermined direction. Rubbing of most pixel electrodes 106 which contain 
near the level difference by this will be carried out. By performing these processes at least, the liquid crystal 
display component which prevents generating of a reverse tilt domain easily, and can control the optical leakage 
by poor orientation is producible. 

[0043] In addition, control of a pre tilt angle is controllable by the exposure conditions of ultraviolet rays. 
[0044] 

[Example] Next, the concrete example of the liquid crystal display component of this invention and its 
manufacture approach is explained, referring to drawing 1 and drawing 2 . 

(Example 1) As shown in drawing 1 , on the glass substrate (7059: Corning, Inc. make), by the predetermined 
approach, the amorphous silicon TFT component 102, the gate line 103 which consists of aluminum/Ta, the 
source line 104 which consists of Ti/aluminum, and the pixel electrode 106 which consists of oxidization in 
JUUMU tin (ITO) were formed, the insulator layer 107 which becomes fields other than pixel electrode 106 from 
silicon nitride was formed, and the array substrate 101 was produced. 

[0045] Next, the photosensitive black resist (for example, black resist CK-S092B: product made from Fuji hunt 
theque slag JH, Inc.) was applied to this array substrate 101 by the coating machine on the whole surface at parts 
other than alignment MAKA. Then, after prebaking for 20 minutes at 1 10 degrees C, alignment was carried out 
with the predetermined mask, and the 2-micrometer gap was further prepared by the contact method, it exposed 
by;the power of .160m J(s), and negatives.were developed on condition. that predetermined. ™ 
[0046] Then, on the hot plate, postbake was performed for 30. minutes at 250 degrees C, and the protection- 
from-light layer 105 was formed at the whole surface of the TFT component 102, the gate line 103, and the 
source line 104, and some pixel electrodes 106. That is, on the pixel electrode 106, the protectionHrom-light layer 
105 was formed from the edge of this pixel electrode to the 3-micrometer field. The thickness of this protection- 
from-light layer 1 05 was 1 .5 micrometers. 

[0047] Next, after carrying out fixed time amount exposure of the array substrate 101 into the oxygen plasma and 
performing surface treatment of the protection-fromHight layer 105, the polyimide varnish (for example, SE-^7210: 
Nissan Chemical Industries, Ltd. make) of 6% of solid content concentration was applied by print processes on the 
array substrate 1 01 , and the orientation film 110 was formed. [ 1 90 degrees C ] [ for 30 minutes ] [ on the hot 
plate ] The thickness of this orientation film 110 was about 70nm. On the opposite substrate 108, the polyimide 
varnish for level orientation of 6% of same solid content concentration (metaphor SE-7210: Nissan Chemical 
Industries, Ltd. make) was applied by print processes, and the level orientation film 111 was formed. [ 190 degrees 
C ] [ for 30 minutes ] 

[0048] Next, the orientation film 1 10 of an array was exposed for 2 minutes into the oxygen plasma, and surface 
treatment was performed. Conditions were set to 50 degrees C of ambient temperature, and oscillation power 
400W. Next, orientation processing was performed to the array substrate 101. Rubbing of the 1st time was first 
performed in the -135-degree direction to the source line 104. Next, 2nd rubbing was performed in the 45-degree 
direction to the source line 104. The 2nd rubbing consistency was strengthened [ twice as many as the rubbing 
consistency of the 1st time ]. The rubbing cloth set all rubbing ** to 0.3mm using the rayon cloth (YA-18R: 



-9- 



product made from the Yoshikawa-ized **). Rubbing was given in the direction which intersects perpendicularly 
with the orientation film 1 1 1 of the opposite substrate 1 08 to the 2nd direction of rubbing of an array substrate. 
[0049] Next, homogeneity was made to distribute the spherical spacer (for example, a micro pearl: Sekisui fine 
incorporated company make) which consists of plastics on the array substrate 101. The spherical diameter of a 
spacer was 4 micrometers. Moreover, the liquid crystal inlet was established in the periphery of the opposite glass 
substrate 108, printing formation of the sealant (for example, SUTORAKUTO bond: Mitsui Toatsu Chemicals, Inc. 
make) of a heat-curing mold was carried out, full hardening of the sealant was carried out for the array substrate 
101 and the opposite substrate 108 at lamination and predetermined temperature, and the liquid crystal cell was 
produced. 

[0050] Next, the chiral matter (for example, S— 81 1 : Merck Japan, Inc.) of left torsion was added to the nematic 
liquid crystal (for example, ZLI-4792: Merck Japan, Inc. make) whose refractive-index anisotropy is 0.097, and 
concentration adjustment was carried out so that a torsion pitch might be set to 80 micrometers. After injecting 
into the liquid crystal cell the chiral nematic liquid crystal produced on such conditions by the vacuum pouringHn 
method and filling up with the chiral nematic liquid crystal completely, the liquid crystal inlet was obturated with 
closure resin, the polarizing plate 114 was stuck on the front face of the array substrate 101 and the opposite 
glass substrate 108 so that the absorption shaft might become parallel to the direction of rubbing, and the liquid 
crystal display was produced. 

[0051] Next, orientation observation of the produced liquid crystal display was performed. That is, this liquid 
crystal display was driven and the orientation in an ON/OFF condition was observed. When this liquid crystal 
display was observed from the upper part, it came to be shown in drawing 2 . 125 and 124 are the parts 
[ rubbing ] of grinding lowering, and are a field which reverse tilt orientation tends to generate here. Moreover, a 
field 124 is a part which is the easiest to be influenced of the horizontal electric field by the gate line 103. 
[0052] In the case of this example, the disclination line was not seen at all. This is considered to be because for 
generating of reverse tilt orientation to have been prevented in the protection-from-light layer level difference 
grinding lowering section. Moreover, the optical leakage by the poor orientation generated in fields 124 and 125 
was conventionally controlled completely by giving rubbing to a 2-way. 

[0053] Next, the electro-optics property of the produced liquid crystal display was measured. On the occasion of 
this measurement, contrast in an ON/OFF condition was measured using liquid crystal evaluation equipment 
(LCD-7000: Otsuka electronic incorporated company make). The contrast of the thing of this example is about 
250, and was able to acquire the good property. 

[0054] Next, change of the pre tilt angle by having performed oxygen plasma treatment on the orientation film 1 10 
by the side of an array was measured. For measurement, the homogeneous eel of 20 micrometers of eel thickness 
was produced, and the pre tilt angle in 25 degrees C was measured by the crystal rotation method. Before oxygen 
plasma treatment, that whose pre-tilt angle:was..about. 6- degrees was faliing to about.2 degrees by performing.^ 
oxygen plasma treatment. This showed that good effectiveness was acquired* when the pre tilt angle of a 
counterelectrode side was [ the pre tilt angle in about 6 degrees and a pixel electrode ] about 2 degrees. 
[0055] Conventionally, with the configuration, although the reverse tilt domain had occurred when the pre tilt 
angle of a pixel electrode surface was equivalent to the pre tilt angle of a counterelectrode side, according to this 
example, the big improvement was able to be aimed at by reducing the pre tilt angle on a pixel electrode surface. 
(Example 2) The polyimide orientation film (for example, PSI-A -5404: the Chisso petrochemical-industry 
incorporated company make) of a side-chain mold was applied to the same array substrate 101 and the same 
opposite substrate 108 of a configuration as an example 1, and the orientation film 110 and the orientation film 
1 1 1 were formed, the 25-degree C surface energy of the above-mentioned polyimide orientation film — about 45 
dynes/cm it was . 

[0056] A fixed time amount exposure of the ultraviolet rays was carried out to the array substrate 101 in which 
the above-mentioned orientation film 1 10 was formed, using the ultrahigh pressure mercury lamp. Exposure 
energy was about 600 mJ(s) on the wavelength of 365nm. The surface energy of the orientation film 110 after an 
exposure is about 50 dyne/cm. It was going up. 

[0057] Next, to the source line 104, rubbing of the 1st time was performed in the -135-degree direction, 2nd 
rubbing was performed in the 45-degree direction, after that, it is the same way as an example 1, and the liquid 
crystal display was produced. 

[0058] Also in this example, while controlling the reverse tilt domain, the optical leakage by poor orientation was 
able to be controlled. 
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1 ^(Example 3) On the example 1, the completely same array substrate 101, and the opposite substrate 108, the 
' polyimide -orientation film (PSI-A -5004: product made from Chisso Petrochemical industry) of a side-chain mold 
was applied, and the orientation film 110 and 1 1 1 was formed. Then, rubbing processing was performed to the 
orientation film 110 and 111. About the orientation film 1 10, a -135-degree direction and the 2nd times performed 
rubbing in the 45-degree direction to the source line 104 to the source line 104, respectively once. About the 
orientation film 111, rubbing was performed in the direction which intersects perpendicularly to the 2nd direction 
of rubbing of the orientation film 1 10. 

[0059] Next, it dried, after being immersed for 10 minutes into 25-degree C gamma-butyro lactone and permuting 
the orientation film 1 10 by isopropyl alcohol. Then, the liquid crystal display was produced by the same approach 
as an example 1. 

[0060] Also in this example, while controlling the reverse tilt domain, the optical leakage by poor orientation was 

able to be controlled. 

[0061] 

[Effect of the Invention] According to this invention, the orientation film of the pixel electrode on an array 
substrate and the orientation film of the counterelectrode on an opposite substrate are considered as an 
unsymmetrical configuration as explained above. By having set up more highly than the pre tilt angle on a pixel 
electrode principal plane the pre tilt angle on a counterelectrode principal plane, generating of a reverse tilt 
domain can be controlled, and the poor orientation on a pixel electrode surface can be reduced, therefore 
improvement in contrast and improvement in display grace can be aimed at. 

[0062] Moreover, according to this invention, by giving rubbing mutually to the orientation film on a pixel electrode 
twice to hard flow, the poor orientation on a pixel electrode surface is reduced, and optical leakage is controlled, 
therefore big effectiveness is in improvement in contrast, or improvement in display grace similarly. 



[Translation done.] 



* NOTICES * 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS. . ....... •• ------ 

[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the liquid crystal display component of the gestalt of operation of the 1 st of 
this invention, and the gestalt of the 2nd operation. 

[Drawing 2] It is the upper ** Fig. of the liquid crystal display component of drawing 1 . 
[Drawing 3] It is process drawing showing the gestalt of operation of the 3rd of this invention. 
[Drawing 4] It is process drawing showing the gestalt of operation of the 4th of this invention. 
[Drawing 5] It is process drawing showing the gestalt of operation of the 5th of this invention. 
[Drawing 6] It is the sectional view of the conventional liquid crystal display component. 

[Drawing 7] It is drawing for explaining the rubbing processing for creating the liquid crystal display component of 
drawing 6 . 

[Drawing 8] It is the upper ** Fig. of the liquid crystal display component of drawing 6 . 
[Description of Notations] 

101 Array Substrate 

102 Thin Film Transistor (Switching Element) 

1 03 Gate Line 

104 Source Line 
106 Pixel Electrode 
108 Opposite Substrate 
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109 Counterelectrode 

110 Orientation Film 

111 Orientation Film ■ 

113 Liquid Crystal ** 

121 The Direction of Rubbing of the 1st Time 

122 The 2nd Direction of Rubbing 
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30 7trv^asjjs$tuTV^5J:5f-bfct>c07?fc5 <1 d^tc 

iOfc«>B|t05F:Afci:t>*5*amt«HMi-5r. 

tasx-tSo ; ; 

[00 24] 8 fd|E« Ufc^WJiJ" ®*m® k , 

• <>zirihTi'jm&kMfammk<ti®\cm&*&m^it 

# < 5 fw*ffiefeSr§rfT5Xg£, : ^co^lcttflEPI 
3S«@iffi±*5«t^(6jS£@±ffi±t^UfcEl6llSSr 

so [00 2 5] 9 icia« Lfcjswtt, ®^m^£ . 
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f v £ ^*:E iRiffll«raH4»ttE f fc— J&SWiJHK-f 
[0 0 2 6] IS*« 1 0 KIEiffi LfcHSUte, KXtS 

[0 0 2 7] BH*S 1 1 fclE*Lfc»flttV Pi^m^^ . 
ffiifcjgj* $ ftfcefa&fc: 5 f^i/Sr 2 ElfTV \ tot 
# Ic 2 tH g <£> 7 f^^lSl £ 1 B S (0 9 IfV^lS] £ li 

[0028] sat, *&m<omi&<opi&\z'z>^xtiw-t 

o 

(is i ©sato^tt)- 0 1 tt*«SOJB i <oWzv>J&&- 40 
h<ox^ TWMioilic t b y s/^^^tcis- 

fLfc^'f vf-WOR-h tt©TFT^l 0 2 ty 

- hi&io 3 t v-xmi o 4 t®^m®i ! 0 6 &f&8&- 

%M 1 0 5 Sr. JfeflMft 1 0 7 Sr^ LT T F TMt^- 1" 0 

2; y-hi^l 0 3, V—*1&.\ 0 4±.teZiXfmmW&* - 

1 0 6(O»±l«I.TV^ria*i 1-0 5tttOflfe so 



5. 

ot^5„ iijts i o s jl*s ± rj^nm^E 1 0 

6 ifcBBfflBg l l 0«rJ£jfcUCi^5. garSiKi l 0fi# 
yrs k, h'&<w%&¥MS&i>*hte5o 

[0 0 2 9] 108 (DftfanM 109 JifcttlS 

j*s*b-c^3. EifiiJUi i o teiRinii 1 1 £-e<o«* 
v-f^f-fr fcffaSfc i o 8 oiar&jJK i i i ±.<d 
t*fc^7.wifii o i©efaffisi loi 
-cfH&2° ®S> »iri*«i o 8<Diarsi«i i i±t?f* 

6° ^±T?fc5. 

[0 0 3 0] T WS«1 0 1 KM Utlt BI2CD^ep 
i 2 i-e^-r#i6K t^^^y-^Mf^lSK-SUT 
-13 5° ©^t.ll7fy^ltV^„ ^bt'^fP 
1 2-2-C^-T^Ip]^, -fT^fc*>4 5° <D^ST"2aEScD 
?f v^SrtToT^Sc ^tt; 0 8{c:H v 

^Ppi 2,2iESE^5*lSlfc9 fy^lt^S. ^L<DT 
\"<W&l \ O.liJWHJWl 0 8-i©Mfc«*i 13S: 

[003 1] &mifo<oJ&i®\z ±H(i, 7^18101 
±le:m^tt/ciaiBlK 1 1. 0 « i m.B<D7 V^ffcX 9 
y U-C- 13 5° t'Vj/^n^o 
02t^tlltl 2 3, 1 2 611 IS |©7fy^ 

tb}-^T L^S« 1 2 4, 1 2 5 tt« tJ Jb»f JwffiS U +5> 

@©7f.y^^it[6i<. »c(c2iggcoy \z^tr<r>mx. 

flMfil 2 3, 1 2 6f±»0±rfic, 2 
4,12 5f±*9TWK.*BS-r*. i©^fcta^cl 2 

3, 1 2 6(4 2^eo57t'^^|6]^f6j<„ ^fcH^m 
i±Bl 2 7ttl*Bp9K:>'^Sb*#JTt>tB*nT2 

»^LT^5r£«r«-ft>©.£"*N5. «#1 24, 12 
■5tt, 2Si<D9 tf>-^fcJ:oTHlS.m@±El 27 t 

[ 0-0 3 2 ] < Ud^b, %I\p\W& 1 0 8 ±|cj^riE$ jxfcE 
[6]^1 l i©7°u^vh^iSr^:<0jS?7*U' , f/vhlH*SKl 2 

4 , 12 5 ©^U-^/W i !?:.t.7C# <^^2) r i 

i t) , ^©JS^'U^-A' 4t 1 2 ,5 tCfc'tt^^:; 

AftSSH-^oWiBf^ft'c^T- TVS' K7"w-^J 
• ^) ©fiJfi.©^v+*lSi»4, M«©^iffi±l 2 7<??^r 

'» [0 0 3 3] Ml6l£«l>0T8.±«>7*U'^/VK 
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*t£5° K-h, 7WSfilOl±©7'U'f;vhS5r2 

M-ra^t o 8±®^"u^ 

[0 0 3 4] ft**, '*3B»©»»T?f±, 7 Wif to-tsH 

&V-xm\ZttVX-l 35° t45° fcfc'Safrfrfco 

[0035] 2 <DMM<DKim m^mmm 2 © 
<o%2v9m<Dm&Yt* TV"<mmi 0 1 ic&rtsm--' 

tt'*^H E -a»fe«i ; «BBl6il« 11 oi LT, EfaJK*ffi©« 
ffiai^)v^f — * s 4 0 ~ 6 0 dyne/cm ©S&H^jK&JB 
ftftStiii 0 8tw*s»t5iB|plJKl 1 lfc'tfSftBat* 

a^~;peajr 1 1 0 <Dtfix 'o-h^^m^n-om^- 
^nmim^^hwfoz. -mt l"-c;"ehwi 1 0 

{Cfi2 5"C-e<0*ffi3i^/V/^— *5jjS5 6 dyne/cm 

EfpJj&l 1 1 (cH2'5 < CT'tD*ffi3i^/V^— ^4 Ody 
ne/cm ©TA^]n^£tt*fc*H>fi!Wa# JJ -< 5 KKSr 
ffll/^o EftJUll 0 WT^dr /V^*fiiefp]JKl 11© 

[0 0 3 6] i&mmmm-vt»y H2©fcSJi 2 
ftteiAato^v^trtrvv &epi 2 2 ©^^2* 

geo'y-fV^Sr'ff 5» ■ 3M£l 2 3, 1 2 4, 1 2 5, 1 
26,-1 2'7T?<Ofg> B cDgB|6]^[S]i4^1co3lffiW^flgi: 

'RIK'T?* 9 ', 124, 1 2 5 a*igV l^/V h £ 

U/^U *£iS©*ffi^>l-' :3 E : — #3 0~5 Odyne so 

/cm "CfeSOT?, i£fili:fiaftJ°g£©Stet^3?— ©K 

rwfg&i 0 -ilctttreEfflRi l lTwtt*' 

(D^u^/uhftnMfam&i o 8^*jit5E^i i o 

T*©:7V^ h:8J; ?) *>;*:#< ft £„• ' £©*:«>, TW ' 
fl9©E|n]KM l'0±T?©aSft7'U'^Vh®«»±, ^f6]ffi!|-C • 
©Efaill 1 l©^i^A"h#©l£fg£§»75. 
J; t) 5 y K:7V- vt-©^ ^fate, iB*®®±3o± 

K/^T ^©*^*anw C, ivoElRl^Alfc 'J:"a3iai*tt 

[003 7] fc*5, *mm<DMmX'te. EfiKl 1 Oi: 
l l i icDSSffi^/i'"^— 4r±3fioK[|c«^b'fc*! % i 

©ffiKEBo*: fcCD-Cfi* < JTSJiffil Sfi Fr] ^ l'l 1 ©* ' 
ffiai^VV'^r— £7 W ©IBPlK 1 1 0 <D*in£ 9 t>'h£ 
<KSi-*ttfJ:vv ti:7W©El6lIl'l 0©*®^ 
^^r— £4 0 dyne/cm £A±6 0 dyne/cm WTtC^^i" 

[00 3 8] (S! 3 ©HJ£©7£f®) ^JSW^JB 3 

©3(as©»ttfc:oy*-t\- El3 Sr#fiB,LriftBj-f-5c #H" " 
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1 0 1 iCtJttSH^fl;® 1 0 6±i*f|S]ItSl 0 8fc*5 
lt5»lRl«ai 0 9±b\zffl-<D7$!)s{ * K*>fe*5E 
IrIMI 10, 111 SrJgJSfcU •?:©&, S3 (b) ir^ 
77X-77'7->t-iit, il77Xvt 
tcr WWoEGittl l 0 *r-Jfe«FHI]*flli-i 0 

©*ffiin*/p*-ftttfl«<DEfilBI 1 1 l-bHMttZk 
*#<&3o rn^«toTPI-©li5^*^^ffi3i^/v 
¥-©*fc*EfiI«S:»^3££#T#S. IS) 
3 (c) fcgrf'J:5Kl\ EJSJJKI'I OtStLT,' 2 0© 

it b, -**oa:Siiffiff -e©E^5F A'Sr#WW-e# Sttft** 

[003 9] /.cifs, *5^^/v^-©$!)»(i, 65^^7 
X-r J: ►) ffifli pTtg-Cfe So ■ 

^c-o^^-c, 04S:#figL.T»iqi-5. 
[0 0 4 0] *HJS©?F^-t?tt, *-T|g|4 (a) tc^-r 
i5t7WISi 01 ^*5tt5W*l®fill-0 6±tM 

108 Kjs»f 09±t \zm— v>mm. 

W>rtV-< 5K*^*5E|SJJK1 1 0, lllSr^b, 
^©^icni4 (b) fcS%^J: 3 fcEftK l l o, ill 
KatLT^ifv^&atrfrS.' Tu^{Kl©E^JKi l o 
tcMLTfilSl^W.t 5t-2[ll©7 t*>-^a§r^b, 1 
lei g'fim j£©#|p] i liES*f©^[6j{C7 tf L, 2 0 

■^tppf*«®l 0 6 0*tt^3JS9tf^^*H5-iit* 
5. »ctc, E4 (c) »£^-t-«fc 5 ft^-lr/uy/VT', 
y7fP7fhV, N^f/W2fo!)Ky!ii*oHtt^ 

^+{cr-u-H'(i!l©Er6]Mi i ofr^-jgBWWiHU ^« 
Ei^KSftffiSrte-fA^aty^-v^i-sV'-'^OiefcJ:?) 
T Wfi!l©El6]JKl 1 OW^l/f/wh^lHiSTi-S© 

* 5EisiigSr^»i-5 r t 5o' '>^<e < i fc r. tvfc 
©xm§rff5^i:t-J;t), flCSf/HW'fy^ 

[004 1] /«c*>\- ^u^/v bftvmmzmym, a* 

(^5©HJfe©»«g) *&W<D% 5 Z>mM<DMm 

[0042] *|Ot©»»-ett, *i"H 5 (a) tC^-T 

J; 5 \t: t WS« loi I06±i 
ZtfaWMi o 9±ik:ra— ©«0lS!>Kji-r 5: Kd>g>&3 
EiSjJRriov l i ltr^jAW Wftv 05 (b) 

^-r«fce>»c, s;je*^«-i 1 5{c«tox, sft^^L-c 



77 

3 0 0nm~4 2 OnmlC^^^ WVSrSFO^fl-iSISr, T U 

o loemoti 1 o±k:— j0»pj«ttfi-«. -r 

©*MH (T/v^/vS) as^S**t5fc»» •*©.*!]:=•* 
/v=¥-(i*j-|*]{S!l<D B afaJlli 11 hVcte1rZ>k-X% 
5. rftfcJ-oT, |BJ-©W^d»fe»lRlffllitt*ffi* 

El5 (c) fcjj*i-J:5te, 7M«OEl*l*llO 
^LT2HI<D7 t'y^l^It.. 1 0 g teffifeOji 

tc9tf>-^i-5o n*bfcJ:5«SiiEflF**.tflif3lt««l 

[0 0 4 3] Jfe*5, ^ , V^A'hA©«y»tt, #4Mft©flB 
[0 0 4 4] 

(JtMMfl) HiKStiSK, (7 0 5 

9 : 3-=l^*fc») ±K> ^fSO^&tCit), T^V 
77^->!) a.VTF.TSR-7-1 0 2, A I/Ta^b45 
^— h$|10 3i, T i/A 1 0 4 

fc> SMbY ( i to) a»6>/«e38ff£«@i 
o 6 t SrJgj&U- H3Hm@ 10 6 EA*©ffl«H:»ffcS' JJ 

[0 0 4 5] r©7W*Sl0 1K, 

Hfeu-v^b (Mittf, 77?^^h CK-S0. 
92B :t±^Ff?yB^-*^ttl) 3 

*Lfc 0 -?:<D^ 1 .1 0tX*2 0^^!)'<-^ Lfc 

ffife(DT*?-(*T7-4 * /M, cfbfca ^^b 
*SCt?2 MmOMBltKW-C.l 6 0mJO/<7-CH3t 

[0 0 4 6] ^rtf)^, *y h^"u— h±t£*JV>T 2 5 0 
"C-C3 0^^ h~<— *fcfrV\" Jgft/1.1 0 5 Sr. T 
FT*^102, ^r'-hiil0 3, y-;*i& 1 0 4 <D£ 

Pi*m@i o 6 co— SSifcl^Lfc. -r&fc>*>. 
B*m«i 0 6±fctt, r(DB^«@ro^a5J:f9 3 ^m t 
ro^«4-C^3tJS 10 5 Srff^Lfco rcDii^S 10 5. 
W^fffil. 5 /i m-Cfeofco 

[0 0 4 7] Tlz-TSSl 0 1 SrRJR^XTtp 

tw-3t«F|l!l*« LT«3t« 1.0- 5©*iE3fcKfctTofc. 

6%<D^y 5 K7=^- («lx.tfSE- 

7 2 10:0 Kte^IfS*fc*#tfc»- *T W SS10. 

1 _t»C WJSHC «fc 9 ft« L»- 1 9 0 3 0 3-IKJ* y b 
/U- h±X"<-? LT, EfaJUl 1 OSr^Lfco n 



(7) 

12 

(Dffifami 1 0 (Dmmteffi 7 Onmffcofc. Mi^its 
1 0 8±tettH*©BJI^««6%©*¥El6jffl#y ^ 
5 K?=-* (WtSE-7 2 1 0 : 0 mt¥T.?m&& 
tfcSS) fcWBUSUc J: 1 9 0t;t?3 O^W^- 

* *spEl*lRl 1 1 Sr^bfc, 
[0 0 4 8] ftfcl, T W ©EftlSIl 1 0^|7"7X 

*U0£5 CC, %W<V—A 0 OWt bfco TV 

■fgtsi o i (wiEiPi^asrffofc. mwizy-xfiki o 

io 4tC*J-LT-l 3 5° ©^itOfclftBO.^trx^'SrWo 
fc 0 Wcy-^il0 4tJtLT4 5'' (Ojjfa\Z2mn 

V* (YA-1 8R .:.*;iMfcI» £fflV\ ^ t'^ffi 
fidfeTO. 3mml:Lfe, » [6j*K 1 0 8 ©I2|6]JK 1 1 

[004?]^ 7WI«101il:^f^ 

Hi4Mmtfco.fc. *fcM(S]^9^s«i o s<nmm 

T W*&1 0 liMlillil 0 8 i$rfl£<3-£-:fc> 

[00 5 0] ftfcffi^T^*tt*S 0 . 0 9 7 -e£>5*-v 
^■y^ffifa (M^-fiZ L I -4 7 9 2 

acS^ttK) K&t&tifDX-Jy/vVom (0iJ^tfs-8i 
8 0 n mfc^S «t 5 (-Jg^Pfi L*l„ rcofil/.C^ 

Stgl-0 1 t^(p]^7^.X«l 0 B^<DmM\^U%WLl 
1 4 Sr^r©»iRWi6Sv ^^^^\K^\zt£^>^.b 

[oo5i] wm^fcWiikm*$im<Dm[i>)mm& 
. ^ofc„- ■r/ifc'^s r-©«ft**»**«»-b> on/ 

40 OFF««-COEfilSr«*U«i. *»ft*«36«Sr±«r 
<t 9 M^-fS El 2 K^-rJ: 5 1'^.o fc 0 ' ::ti2 

5 , 12 4 t±7- ¥^V<Dm <0 TWUftX'h !9\ iS»^/V 

[ 0 0 5 2 ] *HlfeM^^s f -f ^ y a 
- fcilS. tt*»4««d-'2;4s;. 1 2 5-e384UT^ 
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[0 0 5 3J mzftM Ufctt***««©««3t#«rtt 
(L CD- 7 0 0 0 : JzWmFF&iXgstiM) SrJBV\ O 

JSM©t>o©3 v Mi2 5 Ogfttfc!), 
[0 0 5 4] »K7WflOBl6lIl 1 0l:||77X 

fc 0 MJtfcttir/l'ff 2 0 /im©* : e^7^tA'*f3!! 

[0 0 5 5] mmnmrnn^u^/uh^ 

(MMM 2 ) mmm i 1 m cmrfwr w mm i o 1 1 
mfummi o 8 tic m&mvtfv* s kei&ik 

fiP S I —A— 5 4 0 4: f •/y5.»{tfl»^tt 

Si) «r»fru KfiJ&i i otKftJBii i 

#*J4 5 dyne/cm "Cfcofco 

[0 0 5 6] ifEKfaJBIl 1 0lrMtfc7U"fSSl 
fiS.lt Ufc. fiS.lt^^/W^— ttiS* 3 6 5 nmT**<J 6 0 0m 

j-e&ofc 0 flSAtft^GiAiiR 1 1 o <omm^/^-it 

m5 0 dyne/cm LTV>fc 0 
[0 0 5 7] y-^il 0 4iC*J-LTl^S<Dy 

t'V^li- 1 3 5° (DjjfilK^ 2S@©7fV^li4 5 

[0 0 58] *HJg^»i*JV>Tt>, h K^-C VSr 

(3B»«3) »£0iJl ££<H«e>TWS«l 0 1 t 

ttfiSfii 0 8±fc, (la^sw^y-r? keisjbi (ps 

I-A-5 0 04 : fj/y^aftfll (tt) fSi) £^ 
*PU laflJKl 10, 1 1 l-*»jfcLfc. -ttO^L Eft 
K110, 11 l^LT7fc'v^S4rfTofc 0 ffilSj 
01 1 OKo^Tfi. l^etty-^.i^l 0 4td^LT 
-13'5° ©*|6], 2Slliy-^104l^LT4 

5° (oftrnz^ix^iiv \?>-y*'tt^t^ mftmi 1 1 
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[0 0 5 9] jfcfcl, iaiSjffill 1 0£2 5tOy7fD7 

* hv^Kl 0#Ra&&U ^y7 , Df;v7;V3-;vc 
[006 0] ^c|HiHK:j3V^Tf>« ig^A- h >-£ 
[0 0 6 1] 

vfvi' H £ Sr®iS^±S±©7' u^A- h A J; V t> K < 
ft. 

[0 0 6 2] *fc;WS91K:.fc*Ul. PfXtttiLhQSftflK 
Ics^i^iSii; 2 07 iri^fcMrt-r. t izzv „ mm 

fc^o-fUM*^ v h7^ h©[Sj±-^** B p ofi:<Drp]±{c: 

[a i ] #36w©* 1 ©safc©»«ii*jj:tfji52©iat© 

[0 2] 0i©i£&«7^?-©±'$iiat?*>s. 
[03] *»KO*3 0SBfto»iBSr«i-ISH-e* 

[04] *l§BJ(O^4(D^l£o^ffi^^-rxS0T'fe 

[05] *38M©JB5©|tl|[<OJ»aSr*rxSH-e*> 
5. 

[0 6] ttSEwatfiat^id^owffiH-c*)*. 

[0 8] HBOttftatiSJU^OiaBI-C*)*. 
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